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A filtration system (10) comprising a manifold (12) and a
filter (13) having fittings (14, 15), wherein a carriage (11)
supporting the filter is operatively associated with a mount-
ing mechanism (16) to move the filter from a position spaced
from the manifold to a position where the filter engages the
fitting of the manifold. A fitting arrangement comprising a
manifold and a filter having fittings. One fitting comprises a
nozzle (110) having a tip (120) including a contact surface
and the other fitting comprises a corresponding receptacle
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FILTRATION SYSTEMS AND FITTING
ARRANGEMENTS FOR FILTRATION SYSTEMS

[0001] This application claims priority based on U.S.
Provisional Application No. 60/203,946 filed May 12, 2000
and U.S. Provisional Application No. 60/216,696 filed Jul. 7,
2000, both of which are incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to filtration systems
-and fitting arrangements for filtration systems which may
be used in a wide variety of applications including, for
example, the filtration of a photo-resist liquid.

BACKGROUND OF THE INVENTION

[0003] Many fluids, such as photo-resist liquids used in
the micro-electronic industry, are exceedingly expensive.
These liquids must be filtered immediately prior to being
used or impurities in the photo-resist liquids can damage the
micro-electronic components being fabricated.

[0004] Conventional filtration systems and fitting arrange-
ments for filtration systems have many problems associated
with them. For example, the filtration system may include a
manifold connected to a pump which pumps the photo-resist
liquid through the system. A filter which has one or more
fittings may be mounted to corresponding fittings on the
manifold. However, conventional equipment used to mount
the filter to the manifold is often relatively large and
occupies more space than is conveniently available. Also,
conventional mounting equipment can cause undue stress on
the fittings, and potentially damage the fittings, because it
fails to properly align the fittings as the filter is mounted to
the manifold. Further, conventional mounting equipment is
frequently difficult to access and maintain, often requiring
disassembly of the manifold.

[0005] The fittings can also be mismatched due to varia-
tions in their dimensions and eccentricity. Coupling mis-
matched fittings can also produce undue stresses on the
fittings due to misalignment. In addition, the mated fittings
of many conventional systems have large volumes which
collect or trap the photo-resist liquid, e.g., hold up volumes
and leakage volumes. These hold up volumes and leakage
volumes are expensive because the expensive liquid trapped
in them is discarded when the filter is replaced on the
manifold. Further, the flow of fluid can stagnate in these hold
up volumes and leakage volumes. When a liquid such as a
photo-resist liquid stagnates, it can undergo chemical and/or
physical changes which can be detrimental to the fabrication
process.

SUMMARY OF THE INVENTION

[0006] The present invention overcomes many problems
associated with conventional filtration systems and fitting
arrangements for filtration systems, including one or more of
the problems previously described.

[0007] In accordance with one aspect of the invention, the
filtration system comprises a manifold, a filter, a carriage
and a mounting mechanism. The manifold has at least one
fitting and the filter has at least one fitting. The carriage
supports the filter. The mounting mechanism is operatively
associated with the carriage to move the carriage between a
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first position wherein the filter is spaced from the manifold
and a second position wherein the fitting of the filter engages
the fitting of the manifold.

[0008] In accordance with the second aspect of the inven-
tion, a fitting arrangement comprises a manifold having a
first fitting and a filter having a second fitting. One of the first
and second fittings comprises a nozzle having a tip portion,
and the tip portion includes a contact surface. The other of
the first and second fittings comprises a receptacle having a
contact surface. The first and second fittings are engageable
and the contact surface of the first fitting seals against the
contact surface of the second fitting.

DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a front view of a filtration system
showing a manifold and a capsule filter disengaged.

[0010]
FIG. 1.

[0011] FIG.3 is a top view of the filtration system of FIG.
1.

FIG. 2 is a side view of the filtration system of

[0012] FIG. 4 is a front view of the filtration system of
FIG. 1 showing the manifold and the capsule filter engaged.

[0013] FIG. 5 is a partially sectioned top view of an
alternative base assembly of the filtration system of FIG. 1.

[0014] FIG. 6 is a partially sectioned side view of the base
assembly of FIG. 5 and a capsule filter mounted on the base
assembly.

[0015] FIG. 7 is a partially sectioned top view of an
alternative base assembly of the filtration system of FIG. 1.

[0016]
system.

FIG. 8 is a side view of an alternative filtration

[0017] FIG. 9 is a partially sectioned front view of the
filtration system of FIG. 8.

[0018]
FIG. 8.

[0019] FIG. 11 is a rear view of an upper portion of the
filtration system of FIG. 8.

[0020] FIG. 12 is a partially cutaway rear view of an
upper portion of the filtration system of FIG. 8.

[0021] FIG. 13 is a top view of the manifold of the
filtration system of FIG. 8.

FIG. 10 is a top view of the filtration system of

[0022] FIG. 14 is a partially cutaway side view of an
alternative mounting mechanism.

[0023] FIG. 15 is a top view of the mounting mechanism
of FIG. 14.

[0024] FIG. 16 is a partially cutaway side view of an
alternative mounting mechanism.

[0025] FIG. 17 is a top view of the mounting mechanism
of the FIG. 16.

[0026] FIG. 18 is a partially cutaway side view of an
alternative mounting mechanism.

[0027] FIG. 19 is a side view of the rotatable head of the
mounting mechanism of FIG. 18.
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[0028] FIG. 20 is a top view of the mounting mechanism
of FIG. 18.
[0029] FIG. 21 is a partially cutaway side view of a

centering mechanism.

[0030] FIG. 22 is a sectional side view of an alternative
centering mechanism.

[0031] FIG. 23 is a partially cutaway top view of a portion
of the centering mechanism of FIG. 22.

[0032] FIG. 24 is a front view of a filtration system having
an alternative disengagement mechanism showing a mani-
fold and a capsule filter disengaged.

[0033] FIG. 25 is a front view of the filtration system of
FIG. 24 showing the manifold and the capsule filter
engaged.

[0034] FIG. 26 is a sectional view of a nozzle/receptacle
arrangement showing the nozzle and the receptacle disen-
gaged.

[0035] FIG. 27 is a sectional view of the nozzle/receptacle
arrangement of FIG. 26 showing the nozzle and receptacle
engaged.

[0036] FIG. 28 is a sectional view of an alternative
nozzle/receptacle arrangement showing the nozzle and the
receptacle disengaged.

[0037] FIG. 29 is a sectional view of the nozzle/receptacle
arrangement of FIG. 28 showing the nozzle and the recep-
tacle engaged.

[0038] FIG. 30 is a sectional view of an alternative
nozzle/receptacle arrangement showing the nozzle and the
receptacle disengaged.

[0039] FIG. 31 is a sectional view of the nozzle/receptacle
arrangement of FIG. 30 showing the nozzle and the recep-
tacle engaged.

[0040] FIG. 32 is a sectional view of an alternative
nozzle/receptacle arrangement showing the nozzle and
receptacle disengaged.

[0041] FIG. 33 is a sectional view of the nozzle/receptacle
arrangement of FIG. 32 showing the nozzle and receptacle
engaged.

[0042] FIG. 34 is a sectional view of an alternative
nozzle/receptacle arrangement showing the nozzle and the
receptacle disengaged.

[0043] FIG. 35 is a sectional view of the nozzle/receptacle
arrangement of FIG. 34 showing the nozzle and the recep-
tacle engaged.

[0044] FIG. 36 is a sectional view of an alternative
nozzle/receptacle arrangement showing the nozzle and the
receptacle disengaged.

[0045] FIG. 37 is a sectional view of the nozzle/receptacle
arrangement of FIG. 36 showing the nozzle and the recep-
tacle engaged.

[0046] FIG. 38 is a sectional view of an alternative
nozzle/receptacle arrangement.

[0047] FIG. 39 is a sectional view of an alternative
nozzle/receptacle arrangement.
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[0048] FIG. 40 is a sectional view of an alternative
nozzle/receptacle arrangement.

[0049] FIG. 41 is a sectional view of an alternative
nozzle/receptacle arrangement.

[0050] FIG. 42 is a side view of the capsule filter.
[0051] FIG. 43 is a rear view of the capsule filter of FIG.
42.

[0052] FIG. 44 is a top view of the capsule filter of FIG.
42.

[0053] FIG. 45 is a sectional side view of the capsule filter
of FIG. 42.

[0054] FIG. 46 is a side view of a filter cartridge of the
capsule filter of FIG. 45.

[0055] FIG. 47 is a sectional side view of an alternative
capsule filter.

[0056] FIG. 48 is a sectional side view of an alternative
capsule filter.

[0057] FIG. 49 is a sectional side view of an alternative
bowl of a capsule filter.

[0058] FIG. 50 is a top view of the bowl of FIG. 49.
[0059] FIG. 51 is a sectional side view of an alternative
bowl.

[0060] FIG. 52 is a top view of the bowl of FIG. 51.

DESCRIPTION OF EMBODIMENTS

[0061] One example of a filtration system 10 embodying
the invention is shown in FIGS. 1-4. The filtration system 10
generally comprises a loading/unloading equipment, e.g., a
carriage 11, and further comprises a manifold 12 and a filter
such as a capsule filter 13. The capsule filter includes a filter
medium, and the manifold 12 and the capsule filter 13 may
include mating fittings 14, 15, e.g., inlet fittings 14a, 154,
outlet fittings 14b, 15b, and vent fittings 14¢, 15c. The
carriage 11 supports the capsule filter 13 and is coopera-
tively arranged with the manifold 12 to mount the capsule
filter 13 to the manifold 12 and engage the fittings 15 of the
capsule filter 13 with the respective fittings 14 of the
manifold 12. For example, a mounting mechanism 16 may
be arranged between the carriage 11 and the manifold 12 to
move the capsule filter 13, e.g., longitudinally, between a
disengaged position, as shown in FIGS. 1 and 2, and an
engaged position, as shown in FIG. 4. In the disengaged
position, the capsule filter 13 may rest in the carriage 11 and
may be spaced from the manifold 12. In the engaged
position, the capsule filter 13 engages the manifold 12, and
the fittings 14, 15 of the manifold 12 and the capsule filter
13 are sealed to one another.

[0062] With the fittings 14, 15 engaged, a pump 17, which
may be fluidly coupled and even directly attached to the
manifold 12, pumps fluid, e.g., a liquid such as a liquid photo
resist, into an inlet conduit in the manifold 12, through the
inlet fittings 144, 154, and into the capsule filter 13. Gases,
such as air contained in the capsule filter 13 or gas bubbles
entrained in the liquid, may be vented from the capsule filter
13 via the vent fittings 14¢, 15¢ and a vent conduit 20 of the
manifold 12. Filtered liquid is forced by the pump through
the filter medium of the capsule filter 13 and out of the
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capsule filter 13 via the outlet fittings 14b, 15b and an outlet
conduit 21 of the manifold 12.

[0063] Once the filter medium of the capsule filter 13
becomes sufficiently fouled, the pump 17 may be deacti-
vated and the carriage 11 may be moved, e.g., lowered, by
the mounting mechanism 16 to the disengaged position. A
disengagement mechanism 22 may be coupled between the
capsule filter 13 and the carriage 11 and/or the manifold 12
to disengage the fittings 15 of the filter capsule 13 from the
fittings 14 of the manifold 12 as the carriage 11 is lowered.
Alternatively, the capsule filter 13 may be disengaged from
the manifold 12 manually. The old capsule filter 13 may then
be replaced with a new capsule filter 13; the carriage 11 may
be moved, e.g., raised, by the mounting mechanism 16 to the
engaged position engaging the new capsule 13 with the
manifold 12; and the pump 17 may then be reactivated.

[0064] The carriage 11 may be configured in a wide
variety of ways. In may preferred embodiments, the carriage
11 may be arranged to move the capsule filter 13, both into
and out of engagement with the manifold 12, in a direction
parallel to the axes of the engaged fittings 14, 15. More
preferably, the carriage 11 moves the capsule filter 13 in a
direction parallel to the axes of the engaged fittings 14, 15
along most of, even more preferably, substantially all of, the
distance that the capsule filter 13 travels on the carriage 11.

[0065] In one example, shown in FIGS. 1 and 2, the
carriage 11 may include a base assembly 23, a top assembly
24, and first and second preferably identical side assemblies
25 which extend between the top assembly 24 and the base
assembly 23. The base, top, and side assemblies may each
comprise any of a wide array of suitable structures, includ-
ing multi-piece structures. However, in many preferred
embodiments, the base assembly 23 comprises a base 26,
such as a base plate, which supports the capsule filter 13 and
on which the capsule filter 13 rests. Further, the side
assemblies 25 each comprise side plates 30 which are
connected to the base 26. The side plates 30 preferably
extend parallel to each other closely along the exterior of the
sides of the manifold 12 to the top assembly 24. The
manifold 12 may include guide channels 29 within which
the side plates 30 slide, e.g., upwardly and downwardly, as
the carriage 11 moves between the disengaged and engaged
positions. Alternatively, the manifold may include pins or
rollers which engage slots or tracks on the side plates. In
addition, the top assembly 24 may comprise a top plate 31
which is connected to the side plates 30 and extends along
the top of the manifold 12. The carriage 11 thus surrounds
the exterior of the manifold 12 and is preferably accessible
for maintenance without having to disturb the manifold 12,
e.g., dismantle the manifold 12 from the pump 17.

[0066] As another example, the carriage may comprise a
base assembly and opposite side assemblies without a top
assembly. The carriage may then be operatively associated
with the manifold in any suitable manner, for example, by
connecting the side assemblies of the carriage to the sides or
the bottom of the manifold via a mounting mechanism. As
yet another example, the carriage may be operatively asso-
ciated with a structure other than the manifold. For example,
when the manifold is attached to a pump, the carriage may
also be coupled to the pump, rather than the manifold, and
arranged to move the capsule filter between engagement and
disengagement with the manifold.
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[0067] In many preferred embodiments, the base plate and
the side plates comprise a generally U-shaped assembly
adapted to support the capsule filter, and the carriage thus
comprises a compact, highly space efficient structure for
supporting the capsule filter. For example, the carriage and
the capsule filter may be installed in a space having a
relatively small width, e.g., a width of about 60 millimeters
or less, compared to a width of about 140 millimeters or
more required for many conventional filter mounting mecha-
nisms. The capsule filter 13 can thus be mounted and
dismounted within a 60-millimeter-wide front area. Espe-
cially when combined with a 60 millimeter-wide pump, a
filtration system embodying the present invention provides
a dispensing system that has a high space utilization effi-
ciency but is nonetheless easily accessible and therefore
easy to use and maintain.

[0068] In the disengaged position, the carriage preferably
supports the filter capsule on the base assembly. The filtra-
tion system may also include a positioning mechanism
which allows the capsule filter to be positioned and oriented
on the base assembly with the fittings of the capsule filter at
least roughly aligned with the fittings of the manifold The
positioning mechanism may be operatively associated with
the carriage and/or the capsule filter and may take a variety
of forms. In the embodiment of FIGS. 14, the positioning
mechanism 32 is cooperatively arranged with the base 26
and may include a rear wall 33 which limits the rearward
movement of the capsule filter 13. The rear wall may extend
from the base assembly or from one or both of the side
assemblies. Further, the positioning mechanism 32 may
include an opening such as an elongated slot 34 which
extends within the base 26 from the front edge and a
corresponding elongated tab or protrusion 35 which extends
from the bottom of the capsule filter 13. The slot 34 and the
protrusion 35 may be dimensioned to limit the rearward
movement of the capsule filter 13 on the base 26 and/or to
angularly orient the capsule filter 13 on the base 26 with the
fittings 15, 14 at least roughly aligned with one another. With
the capsule filter 13 positioned on the base 26, the capsule
filter 13 may slide rearwardly along the base 26 with the
protrusion 35 sliding within the slot 34. The close proximity
of the sides of the slot 34 and the sides of the protrusion 35
maintain the capsule filter 13 at a desired angular orientation
with respect to the manifold 12. Once the backside of the
capsule filter 13 contacts the rear wall 33 and/or the backside
of the protrusion 35 contacts the backside of the slot 34, the
axes of the fittings 14, 15 are at least roughly aligned axially.
The capsule filter 13 may then be mounted to the manifold
12 without damaging the fittings 14, 15 due to misalignment.

[0069] The positioning mechanism is not limited to the
embodiment shown in FIGS. 1-4. For example, as shown in
FIGS. 5 and 6, the rear wall may be eliminated and the
positioning mechanism may comprise openings such as one
or more holes 36 in the base 26 and one or more corre-
sponding protrusions 37 extending from the bottom of the
capsule filter 13. The capsule filter 13 is positioned on the
base 26 with the protrusions 37 of the capsule filter 13
disposed in the holes 36 of the base 26. The protrusions 37
and the holes 36 are dimensioned and located on the capsule
filter 13 and the base 26, respectively, such that when the
protrusions 37 are disposed in the holes 36, the fittings 14,
15 of the manifold 12 and the capsule filter 13 are at least
roughly aligned axially. The embodiment shown in FIGS. §
and 6 has two holes 36 and two protrusions 37. However,
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the positioning mechanism may comprise more than two
holes and protrusions, e.g., three holes and protrusions
spaced from one another in a triangular configuration, or
only one hole and protrusion, e.g., an elongated hole 28 (and
a corresponding protrusion) as shown in FIG. 7. Further,
while the positioning mechanisms of the illustrated embodi-
ments have been associated with the base assembly, the
positioning mechanism may be associated with the carriage
in other ways, e.g., with the side assemblies.

[0070] Once the capsule filter 13 is positioned on the
carriage 11, the carriage 11 is moved from the disengaged
position toward the engaged position by the mounting
mechanism. The mounting mechanism may also take a
variety of forms, and one example of a mounting mechanism
16 is shown in FIGS. 14. The mounting mechanism 16 is
preferably cooperatively arranged between the carriage 11
and the manifold 12 and in some embodiments may com-
prise a threaded arrangement including a threaded stud 40
and a mating nut 41, which may be part of a knob 42. The
threaded stud 40 may have trapezoidal threads and is pref-
erably fixedly mounted to the top of the manifold 12
extending toward the top assembly 24 of the carriage 11. The
nut 41 is correspondingly threaded and is preferably rotat-
ably mounted to the top assembly 24, e.g., the top plate 31,
to receive the stud 41 in threaded engagement. As the knob
42 is rotated in one direction, the nut 41 moves axially in one
direction along the stud 40, e.g., away from the manifold 12,
and, in turn, moves the base 26 of the carriage 11 from the
disengaged position toward the manifold 12 and the engaged
position, where the fittings 15 of the capsule filter 13 engage
the fittings 14 of the manifold 12. As the knob 42 is turned
in the opposite direction, the nut 41 moves axially in the
opposite direction along the stud 40 (e.g., toward the mani-
fold 12) and, in turn, moves the base 26 of the carriage 11
back toward the disengaged position. The threads may be
arranged to provide a quick release of the capsule filter 13
from the manifold 12. For example, the threads may be
arranged such that turning the knob 42 in the range from
about 90 degrees to about 360 degrees may be enough to
release the capsule filter 13 from the manifold 12.

[0071] Alternatively, the mounting mechanism may com-
prise a threaded stud and a correspondingly threaded portion
of the top assembly of the carriage, which receives the
threaded stud. One end of the threaded stud may be part of
a knob and the opposite end of the stud may bear against, or
may be rotatably fixed to, the top of the manifold. This
embodiment of the mounting mechanism operates in a
manner similar to the mounting mechanism 16 shown in
FIGS. 1-4.

[0072] Another example of a mounting mechanism 16 is
shown in FIGS. 813. (Components of the embodiment
shown in FIGS. 8-13 have the same reference numbers as
the analogous components of the embodiments shown in
FIGS. 1-7.) The mounting mechanism 16 shown in FIGS.
8-13 is preferably cooperatively arranged between the car-
riage 11 and the manifold 12 and may comprise a pivotable
lever arrangement including a lever 51 which is pivotable
about a pivot axis 52. The lever may be coupled between the
manifold and the carriage in a variety of ways. For example,
the lever 51 may be pivotably mounted by pivot pins 53 to
a bracket 54 which, in turn, may be mounted to the top of the
manifold 12. Alternatively, the lever 51 may be mounted to
brackets on the sides of the manifold. The lever 51 may also
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be mounted to the carriage 11 in a variety of ways, e.g., to
the side assemblies 25. The lever 51 is preferably arranged
to lift the carriage 11 from the disengaged position toward
the engaged position as the lever 51 is lifted and to lower the
carriage 11 from the engaged position toward the disengaged
position as the lever 51 is lowered. The mounting mecha-
nism 16 may also include a spring arrangement 55 for
biasing the lever 51 toward a lifted and/or lowered position,
maintaining the carriage II in the engaged and/or disengaged
position.

[0073] Other examples of mounting mechanisms, e.g.,
mounting mechanisms comprising a cam arrangement, are
shown in FIGS. 14-20. (Again, components of the embodi-
ments shown in FIGS. 14-20 have the same reference
numbers as the analogous components of the embodiments
shown in FIGS. 1-13.) For example, the mounting mecha-
nism 16 shown in FIGS. 14 and 15 may comprise a
removable or fixed lever 61 connected to a rotatable shaft 62
which, in turn, is rotatably connected to the manifold 12 by
a mounting plate 63. The lever 61 extends through a cam slot
64 in a head 65 which may be fixedly attached to the top
assembly 24 of the carriage 11, e.g., at the top plate 31. As
the lever 61 is moved along the cam slot 64, the head 65 and
hence the carriage 11 is raised or lowered between the
disengaged position and the engaged position.

[0074] A similar mounting mechanism 16 is shown in
FIGS. 16 and 17. The mounting mechanism 16 may include
a pin 66 which extends radially from the rotatable shaft 62.
The pin 66 is disposed in the cam slot 64 of the fixed head
65. The cam slot 64 may extend completely through the head
65, as in the embodiment shown in FIG. 14, or it may
merely extend partially into the inner periphery of the head
65. A structure 67 formed at the end of the shaft 62 may be
engaged by a wrench, e.g., an allen wrench, to turn the shaft
62. Alternatively, the shaft may extend axially beyond the
head and the protruding end of the shaft may be formed as
a knob which may be turned manually. As the shaft 62 is
turned, the pin 66 rides along the cam slot 64, and the head
65 and hence the carriage 11 is raised or lowered between
the disengaged position and the engaged position.

[0075] Another example of a mounting mechanism 16
which comprises a cam arrangement is shown in FIGS.
18-20. The mounting mechanism 16 may include a nonro-
tatable shaft 71 fixed to the manifold 12 and having a
radially extending pin 72. The pin 72 is disposed in a cam
slot 73 of a head 74 which is rotatably attached to the top
assembly 24 of the carriage 11 by a mounting plate 75. Holes
76 in the head 75 receive a removable lever 77, e.g., a
screwdriver, which can be used to rotate the head 74 on the
shaft 71. Alternatively, the lever may be fixed to the head,
the head may be formed with a structure that can be turned
with a wrench; or the head may be formed as a knob that can
be turned manually. As the head 75 is rotated, the pin 72
rides along the cam slot 73, and the head 74 and hence the
carriage 11 is raised or lowered between the disengaged
position and the engaged position.

[0076] As the carriage 11 is moved toward the manifold 12
from the disengaged position to the engaged position, the
fittings 15 of the capsule filter 13 approach the fittings 14 of
the manifold 12. The fittings 14, 15 may be at least roughly
aligned by the positioning mechanism. However, to more
closely align the fittings 14, 15, the filtration system 10 may
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include a centering mechanism which closely aligns the axes
of the fittings 14, 15 as they engage one another. The
centering mechanism may be configured in a wide variety of
ways. For example, the centering mechanism 80 may com-
prise one or, preferably, a plurality of centering protrusions,
e.g., centering pins 81, which fit into corresponding center-
ing apertures 82 as the fittings 14, 15 engage each other. As
shown in FIG. 21, the centering pins 81 may extend
upwardly from the capsule filter 13, e.g., the top of the
capsule filter 13, and the corresponding centering apertures
82 may be disposed in the manifold 12, e.g., the bottom of
the manifold 12. Alternatively, as shown in FIGS. 22 and
23, the centering pins 81 may extend from the bottom of the
manifold 12 and the centering apertures 82 may be disposed
in the top of the capsule filter 13.

[0077] The centering mechanism 80 is preferably located
and dimensioned to ensure that the fittings 14, 15 are closely
axially aligned as they sealingly contact one another. For
example, the centering pins 81 and apertures 82 may have
relatively close tolerances and may be arranged to closely
engage one another before the fittings 14, 15 fully contact
and are completely sealed to one another. With the centering
pins 81 closely engaged with the centering apertures 82, the
fittings 14 of the manifold 12 may be moved into full sealing
contact with the fittings 15 of the capsule filter 13. The
centering mechanism 80 thus prevents incomplete sealing
and/or damage to the fittings 14, 15 due to misalignment.
The centering mechanism 80 may also serve as a stop,
limiting the advance of the fittings 14, 15 within each other
and preventing over compression. Alternatively, stops may
be provided elsewhere on the manifold and the capsule filter
and/or the carriage.

[0078] As the carriage 11 is moved away from the mani-
fold 12 from the engaged position to the disengaged posi-
tion, the fittings 15 of the capsule filter 13 may be disen-
gaged from the fittings 14 of the manifold 12. In some
embodiments, the fittings 14, 15 of the manifold and the
capsule filter 13 may remain engaged as the carriage 11 is
moved to the disengaged position, the base assembly 23 of
the carriage 11 moving away from the bottom of the capsule
filter 13 as the carnage 11 moves to the disengaged position.
The capsule filter 13 may then be removed from the mani-
fold 12, e.g., by manually disengaging the fittings 15 of the
capsule filter from the fittings 14 of the manifold 12.

[0079] Alternatively, the filtration system 10 may further
comprise a disengagement mechanism which is operatively
associated with the capsule filter 13 and automatically
disengages the fittings 15 of the capsule filter 13 from the
fittings 14 of the manifold 12 as the carriage 11 moves
toward the disengaged position. The disengagement mecha-
nism may be configured in a variety of ways. For example,
the disengagement mechanism may be cooperatively
arranged between the capsule filter 13 and the manifold 12.
One example of such a disengagement mechanism 22 is
shown in FIGS. 22 and 23 and comprises one or more
springs 86 disposed between the capsule filter 13 and the
manifold 12. The springs may be positioned in a variety of
suitable locations between the capsule filter and the mani-
fold. In the illustrated embodiment, a spring 86 is disposed
around each centering pin 81. The springs 86 are com-
pressed around the centering pins 81 as the carriage 11 is
lifted to the engaged position by the mounting mechanism
16 and the fittings 15 of the capsule filter 13 are lifted into
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sealing contact with the fittings 14 of the manifold 12. As the
carriage 11 is lowered to the disengaged position by the
mounting mechanism 16, the springs 86 expand and auto-
matically disengage the fittings 14, 15. The centering
mechanism 80 also helps .to maintain axial alignment of the
fittings 14, 15 as the fittings 14, 15 are disengaged by the
disengagement mechanism 22. The capsule filter 13 remains
on the base assembly 23 of the carriage 11 as the carriage 11
is moved to the disengaged position

[0080] In other embodiments, the disengagement mecha-
nism may be cooperatively arranged between the capsule
filter 13 and the carriage 11. One example of such a
disengagement mechanism 22 is shown in FIGS. 1 and 4
and comprises one or more push rods 91 disposed between
the carriage 11 and the capsule filter 13. The push rods may
be positioned in a variety of suitable locations between the
capsule filter and the carriage. In the illustrated embodiment,
the push rods 91 are disposed in through holes 92 in the
manifold 12 between the top of the capsule filter 13 and the
top assembly 24 of the carnage 11. The push rods 91 may be
lifted along with the capsule filter 13 and the carriage 11 as
the carriage 11 is moved to the engaged position by the
mounting mechanism 16. As the carriage 11 is lowered to the
disengaged position by the mounting mechanism 16, the top
assembly 24 of the carriage 11 may bear against the push
rods 91. The push rods 91, in turn, bear against the top of the
capsule filter 13, forcing the capsule filter 13 away from the
manifold 12 and automatically disengaging the fittings 14,
15. The capsule filter 13 remains on the base assembly 23 of
the carriage 11 as the carriage 11 is moved to the disengaged
position.

[0081] Another example of a disengagement mechanism
22 cooperatively arranged between the carriage 11 and the
capsule filter 13 is shown in FIGS. 24 and 25. (Components
of the embodiment shown in FIGS. 24 and 25 have the same
reference numbers as the analogous components of the
embodiment shown in FIGS. 14.) The disengagement
mechanism 22 generally comprises a fitment which physi-
cally couples the capsule filter 13 and the carriage 11 as the
carriage 11 moves between the engaged position and the
disengaged position. The fitment may be structured in a wide
variety of ways. In the illustrated embodiment the fitment 96
comprises the engagement of the base assembly 23 of the
carriage 11 with the capsule filter 13, e.g., with a flange 97
extending from the protrusion 35 in the bottom of the
capsule filter 13 past the edges of the slot 34 in the base 26.
As the carriage 11 is lowered to the disengaged position by
the mounting mechanism 16, the base 26 of the carriage 11
bears against the flange 97 of the capsule filter 13, forcing
the capsule filter 13 away from the manifold 12 and auto-
matically disengaging the fitting 15 of the capsule filter 13
from the fittings 14 of the manifold 12. The capsule filter 13
remains on the base assembly 23 of the carriage as the
carriage 11 is moved to the disengaged position.

[0082] Another example of a fitment is a flange which
extends from each side assembly of the carriage over the top
of the capsule filter. As the carriage is lowered by the
mounting mechanism, the flanges of the side assemblies
may bear against the top of the capsule filter, automatically
disengaging the capsule filter from the manifold.

[0083] The manifold 12 may also be configured in a wide
variety of ways. For example, the manifold may have any
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regular or irregular shape. As shown in FIGS. 1-4, the
manifold 12 may have a box-shaped configuration including
a front 100, a back 101, a top 102, a bottom 103 and opposite
sides 104, 105. The manifold 12 may further include one or
more conduits for transporting fluid to and/or from the
capsule filter. Each of the conduits is preferably configured
to reduce hold up volume and to avoid dead volumes or
zones where the fluid can stagnate.

[0084] Inmany preferred embodiments, the manifold 12 is
fluidly coupled to a pump 17. For example, the manifold 12
may be directly attached to the pump 17, e.g., along the back
101 of the manifold 12. The outlet of the pump 17 may be
connected to an inlet conduit of the manifold 12 which
extends through the manifold 12 and fluidly communicates,
in turn, with the inlet fittings 14a, 154 of the manifold 12 and
the capsule filter 13. Alternatively, the inlet conduit may be
at least partially external to the manifold, e.g., extending
externally from the pump to the manifold and hence to the
inlet fittings. The manifold 12 may also include an outlet
conduit 21 which fluidly communicates between the outlet
fittings 14b, 15b and any other appropriate component of the
fluid system downstream of the manifold 12. In the illus-
trated embodiment, the outlet conduit 21 may extend from
the outlet fittings 14b, 15b through the manifold 12 to the
front 100 of the manifold 12. However, the outlet conduit
may extend from any portion of the manifold, including the
top of the manifold. The manifold 12 may further include a
vent conduit 20 which fluidly communicates between the
vent fittings 14¢, 15¢ and any appropriate reservoir for the
vented gas. Again in the illustrated embodiment, the vent
conduit 20 may extend from the vent fittings 14c¢, 15¢
through the manifold 12 to the front 100 of the manifold 12.
However, the vent conduit may extend from any portion of
the manifold, including the top of the manifold. In some
embodiments, the vent conduit, as well as the vent fittings,
may be eliminated entirely.

[0085] The number and configuration of the fittings 14 of
the manifold 12, as well as the fittings 15 of the capsule filter
13, may be widely varied. In many embodiments the mani-
fold 12 has three fittings 14a, 14b, 14c. However, a manifold
may have more than three fittings or fewer than three
fittings. For example, where a vent is not preferred or where
the inlet to the capsule filter or the outlet from the capsule
filter is not directed through the manifold, the manifold may
have two fittings or only a single fitting.

[0086] The fittings 14 of the manifold 12, as well as the
fittings 15 of the filter cartridge 13, may be structured in a
variety of ways. For example, the fittings may be arranged
in any regular or irregular pattern, such as a triangular
pattern. Preferably, the fittings 14, 15 are generally aligned
Further, the spacing between the fittings, or the pattern of the
fittings, may be symmetric but is preferably not symmetric.
For example, as shown in FIG. 2, the distance between the
vent fittings 14c, 1c and the outlet fittings 14b, 15b may be
less than the distance between the outlet fittings 14b, 15b
and the inlet fittings 144, 154. A unsymmetric spacing or
pattern helps to prevent the capsule filter from being
installed “backwards” on the manifold.

[0087] The fittings may be structured in various ways. For
example, each of the fittings may comprise a nozzle or a port
or receptacle which receives a nozzle. Some of the fittings
on the manifold, or the capsule filter, may comprise nozzles
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while others comprise receptacles, or all of the fittings on the
manifold may comprise nozzles or receptacles. In the illus-
trated embodiment, the fittings 14a, 145, 14¢ of the manifold
12 all preferably comprise nozzles 110 and the fittings 154,
15b, 15¢ of the capsule filter 13 all preferably comprise
corresponding receptacles 111 which receive the nozzles 110
of the manifold 12.

[0088] A wide assortment of nozzles and receptacles are
suitable. However, the nozzle preferably includes a tip
portion which contacts, and more preferably seals against, a
corresponding surface in the receptacle. By contacting and/
or sealing the tip portion of each nozzle with a correspond-
ing surface in the receptacle, gaps or leakage volumes at the
ends of the nozzles are eliminated, reducing the hold up
volume and minimizing stagnant flow areas or dead zones
within the filtration system, and the filtration system may be
made smaller. To enhance the sealing engagement of the tip
portion of each nozzle and the corresponding contact surface
of the receptacle, at least the tip portion of the nozzle and the
contact surface of the receptacle are preferably formed from
different materials, one harder and the other of similar
hardness or, more preferably, somewhat softer or more
deformable. As the tip portion of the nozzle engages the
contact surface of the receptacle, the softer material deforms
to the harder material, forming a highly effective seal. The
sealing engagement of the contact surface of the tip portion
of the nozzle and the contact surface of the receptacle is
preferably free of any additional sealing member, such as a
gasket, at the contacting surfaces and may comprise the only
or the primary seal between the fittings. However, additional
seals spaced from the contacting surfaces, such as a supple-
mental O-ring seal, may also be provided between the nozzle
and the receptacle. The seal formed by the contact surfaces
may, for example, prevent any dead zones or stagnant
portions from developing at the ends of the nozzle, while the
supplemental O-ring seal may ensure a liquid and/or air tight
seal between the fittings.

[0089] Either the tip portion of the nozzle or the contact
surface of the receptacle may be formed from the harder
material or the softer material. Because the capsule filter is
preferably disposable and the manifold is preferably reus-
able, it is preferable to form the fitting on the manifold, e.g.,
either the nozzle or the receptacle on the manifold, from the
harder material. Examples of harder materials include metal,
such as stainless steel, and polymeric materials, such as
polyethylene, e.g., HDPE, polypropylene, PFA, ETFE,
ECTEFE, and PCTFE (polychlorotrifluoroethylene), which
may be relatively harder than the material in the correspond-
ing fitting. Examples of softer materials include elasomeric-
type materials, such as rubber, silicone, and polyurethane,
and polymeric materials, such as LDPE, FEP, PFA and
PTFE, which may be relatively softer than the material of
the corresponding fitting. Generally, any suitable combina-
tion of relatively hard and relative soft materials may be
used for the nozzle/receptacle arrangements based, for
example, on a shore hardness D-scale, where PTFE is in the
range from about 50 to about 56; ETFE is about 75; FEP is
about 55; PFA is about 60; PCTFE is about 90; ECTFE is
about 75; PVDF is in the range from about 70 to about 80;
LDPE is in the range from about 40 to about 50; and HDPE
and UHMWPE are in the range from about 60 to about 70.

[0090] The nozzles and receptacles may be structured in
numerous ways. (Components of the embodiments shown in
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FIGS. 26-41 have the same reference numbers as the analo-
gous components of the embodiments shown in FIGS. 1-25.)
Some of the many examples of nozzle/receptacle arrange-
ments are illustrated in FIGS. 26-41. In each of the illus-
trated embodiments, the nozzle is operatively associated
with the manifold and the corresponding receptacle is opera-
tively associated with the capsule filter. However, one or
more of the nozzles may alternatively be associated with the
capsule filter while the corresponding receptacle is associ-
ated with the manifold.

[0091] In the embodiment shown in FIGS. 26 and 27, the
manifold 12 may comprise a body 115, e.g., a polymeric
body, and may further comprise a bottom plate 116, e.g., a
metal plate, mounted to the body 115. A nozzle 110, which
is preferably unitarily formed with the body 115, extends
through an aperture 118 in the bottom plate 116. A conduit
119, e.g., an inlet, outlet, or vent conduit, extends through
the body 115 and the nozzle 110, opening in the tip portion
120 of the nozzle 110.

[0092] The receptacle 111 of the capsule filter 13 may
comprise a collar 126, e.g., a polymeric collar, which has a
region defining a bore 127. A seat 128, which preferably
comprises a separate insert, may be positioned within the
bore 127 on a ledge 129 of the collar 126. The seat 128 may
be formed from a material different from the material of the
nozzle 110 and also different from the material of the collar
126, the seat 128 being preferably formed from a material
which is softer or harder than the material of the nozzle 110
or the collar 126. For example, the seat 128 may be formed
from PTFE while the nozzle 110 and the collar 126 may be
formed from polyethylene, PFA or PCTFE. A seal, such as
an O-ring 130, may be positioned in the bore 127 on a rim
of the seat 128 and around the interior of the collar 126. A
cap 131 may be mounted to the collar 126 over the O-ring
130. The cap 131 has an opening 132 which is large enough
to receive the nozzle 110. The opening 132 in the cap 131,
as well as the collar 126, the seat 128, and/or the tip portion
120 of the nozzle 110, and may be tapered to facilitate
insertion of the nozzle 110 into the receptacle 111. A conduit
133 extends through the collar 126 and at least partially
through the seat 128 and opens onto the opening 132 in the
cap 131.

[0093] The tip portion 120 of the nozzle 110 and the seat
128 cach have a contact surface 140, 142 which may be
similarly or differently shaped. The configuration of each
contact surface 140, 142 may vary. For example, the contact
surfaces 140, 142 of the tip portion 120 and the seat 128 may
have curved or tapered configurations such as a spherical or
conical configuration or a flat annular configuration. The
area of the contact surfaces 140, 142 may be relatively wide
but in many preferred embodiments, the area of at least one
of the corresponding contact surfaces 140, 142 may be
relatively narrow.

[0094] As the carriage moves from the disengaged posi-
tion to the engaged position and the nozzle 110 is inserted
into the receptacle 111, the O-ring 130 seals against the
nozzle 110. The O-ring 130 may also seal again the rim of
the seat 128, the inner wall of the collar 126 and/or the cap
131. In addition, the contact surfaces 140, 142 of the nozzle
10 and the receptacle 111 engage and at least the softer
surface, e.g., the contact surface 142 of the seat 128,
preferably deform to effectively seal against the harder
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surface, e.g., the contact surface 140 of the tip portion 120
of the nozzle 110. As the nozzle 110 bears against the seat
128, not only does the contact surface 142 of the seat 128
seal against the contact surface 140 of the nozzle 110, but the
seat 128 also deforms and seals against the collar 128, e.g.,
against the ledge 129 and/or the inner wall of the bore 127
of the collar 126. By contacting and sealing the seat 128
against the tip portion 120 of the nozzle 110 and the collar
126 of the receptacle 111, no gaps or leakage volumes are
created which can hold up fluid and cause dead zones or
stagnant flow areas. Instead, the channel defined by the
conduits 119, 133 extending through the nozzle 110 and the
receptacle 111 provides a flow path free of hold up volumes,
leakage volumes, and dead zones, as shown in FIG. 27.

[0095] In addition to reducing hold up volumes, leakage
volumes and dead zones, the nozzle/receptacle arrangement
provides a more reliable filtration system 10 and facilitates
manufacture of the manifold 12 and the capsule filter 13. For
example, the dimensional variations associated with the
axial length of the nozzles 110, e.g., from the bottom plate
116 to the tip portion 120, may mean that nozzles 110 on the
same manifold 12 have different lengths. This variation may
be accommodated by the deformation of the seat 128.
Longer nozzles 110 may deform the seat 128 slightly more
than shorter nozzles 110 while both adequately seal the
fittings.

[0096] In addition, eccentricities in the alignment and/or
spacing of the nozzles 110 on the same manifold 12 may be
accommodated by the deformation of the seat 128 and the
use of an insert for the scat 128, or the nozzle 110. The seat
128 and/or the nozzle 110 may be arranged to move laterally
as the fittings 14, 15, including the contact surfaces 140, 142,
contact one another. For example, the outer diameter of the
seat 128 may be slightly smaller than the diameter of the
bore 127 in the collar 126, e.g., by about 0.2 mm. As the
fittings 14, 15, including the mating tapered contact surfaces
140, 142, engage one another, they laterally adjust the
position of the seat 128 within the bore 127, centering the
seat 128 on the nozzle 110. Further, any slight tilt of the axis
of the nozzle 110 may be accommodated by an asymmetrical
deformation of the seat 128 about the axis of the nozzle 110.

[0097] Similar variations and eccentricities in the recep-
tacle may also be accommodated. By accommodating these
variations and eccentricities, abnormal stresses and strains
on the nozzles and receptacles may be relieved, providing a
more reliable filtration system. Further, neither the manifold
nor the capsule filter need be manufactured to extremely
tight tolerances, reducing the cost of manufacture.

[0098] Other examples of the nozzle/receptacle arrange-
ments are shown in FIGS. 28-41 and may provide similar
and/or additional features and advantages. (Components of
the embodiments shown in FIGS. 28-41 have the same
reference numbers as the analogous components of the
embodiment shown in FIGS. 26 and 27.) The embodiment
shown in FIGS. 28 and 29 is very similar to the embodiment
shown in FIGS. 26 and 27. However, ridges 145 may
extend from the ledge 129 of the collar 126 toward the seat
128. The engagement of the contacting surfaces 140, 142 of
the nozzle 110 and the receptacle 111 deforms the ridges 145
and/or drives the ridges 145 into the seat 128 to better seal
the seat 128 to the collar 126. Alternatively, the ridges may
extend from the seat toward the ledge of the collar and may
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deform and/or be driven into and seal against the ledge as the
nozzle engages the receptacle.

[0099] In the embodiment shown in FIGS. 30 and 31, the
seat 128 may comprise a unitary portion of the collar 126
rather than an insert. However, the nozzle 110 preferably
comprises an insert sealed to the body 115 of the manifold
12, e.g., by an O-ring 146 disposed in a bore 147 at the upper
end of the nozzle insert. The nozzle 110 may be formed from
a different material, e.g., a harder material, than the collar
126 of the receptacle 111 and/or from a different material
than the body 115 of the manifold 12. Variations and
eccentricities may be accommodated by movement of the
insert and by deformation of one or both contacting surfaces,
in a manner similar to that previously described. In addition,
variation in the length of the nozzles 110 may be accom-
modated by axial compression of the O-ring 146. The
contact surfaces 140, 142 are preferably semi-spherical and
may have a relatively broad contact area.

[0100] The embodiment shown in FIGS. 32 and 33 is
similar to the embodiment shown in FIGS. 30 and 31.
However, both the nozzle 110 and the seat 128 may comprise
inserts. The O-ring 146 sealing the nozzle insert is disposed
in a groove 147 around the outer periphery of the insert.
Further, ridges 149 may be disposed between the nozzle
insert and the body 115 of the manifold 12, in addition to the
ridges 145 between the seat insert and the ledge 129 of the
collar 126. The ridges 149 may extend from the body toward
the nozzle insert or from the nozzle insert toward the body.
The engagement of the contacting surfaces 140, 141
deforms the ridges 145, 149 and/or drives the ridges 145,
149 into the inserts to better seal the seat and nozzle inserts.

[0101] The embodiment shown in FIGS. 34 and 35 is
similar to the embodiment shown in FIGS. 30 and 31.
However, the receptacle 111 may not include a cap. Rather,
the collar 126 may have a rim 150 which faces the manifold
12 and defines the opening 132 in the receptacle 111. The
O-ring 130 which seals against the nozzle 110 is disposed in
a groove 151 in the inner wall of the collar 126 which defines
the bore 127. In addition, the contact surfaces 140, 142
preferably have a conical configuration and at least one of
the contact surfaces 140, 142, e.g., the contact surface 142
of the seat 128, may have a relatively narrow contact area,
which may enhance the seal between the contact surfaces
140, 142.

[0102] The embodiment shown in FIGS. 36 and 37 is
similar to both the embodiment shown in FIGS. 34 and 35
and the embodiment shown in FIGS. 32 and 33. The contact
surface 142 of the seat insert has the relatively narrow
contact area.

[0103] The embodiment shown in FIG. 38 may comprise
a nozzle 110, e.g., a nozzle insert, which has a groove 155
in the outer wall. An O-ring 156 is disposed in the groove
155 and provides a seal against the receptacle collar 125
which supplements the sealing engagement of the contact
surfaces 140, 142.

[0104] The embodiment shown in FIG. 39 is similar to the
embodiment shown in FIG. 38. However, the receptacle 111
may include a cap 131 and a seat insert 128 comprising a
spherical contact surface having a relatively narrow contact
area.

[0105] The embodiment shown in FIG. 40 is similar to the
embodiment shown in FIG. 39. However, the tip portion 120
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of the nozzle 110 may have a cylindrical configuration and
both contact surfaces 140, 142 may have flat, annular
configurations with relatively small contact areas.

[0106] The embodiment shown in FIG. 41 is similar to the
embodiment shown in FIG. 40. However, the contact sur-
faces 140, 142 may have a reverse conical configuration in
which the cone converges toward the axis of the nozzle 110
within the nozzle 110.

[0107] The fittings shown in FIGS. 26-41 include a nozzle
and a corresponding receptacle having mating contact sur-
faces which preferably serve as a seal, e.g., a primary seal or
even the sole seal, between the fittings. However, other
fittings between the manifold and the capsule filter may be
used. For example, fittings which are threaded, clamped
and/or friction fitted to one another may be used to seal the
manifold to the capsule filter.

[0108] The filters may also be configured in a variety of
ways, including, for example, as a capsule filter. One
example of a capsule filter 13 is shown in FIGS. 4246. The
capsule filter 13 generally comprises a housing 160 and a
filter carriage 161 removably or, preferably, permanently
disposed in the housing 160.

[0109] The housing 160 may be formed from any suitably
impervious material, e.g., a metal or a polymeric material,
and may have any desired shape, €.g., a generally cylindrical
shape. In many preferred embodiments, the shape of the
housing corresponds to the shape of the filter cartridge.

[0110] The housing 160 may comprise a single piece
structure but preferably comprises a multi-piece structure.
For example, the housing 160 may include a bowl 162 and
a head 163 removably or, preferably, permanently attached
to the bowl 162. The bowl 162 may include a side wall and
a bottom wall. A handle 159 may extend outwardly from the
side wall of the bowl 162 and may be used to position the
capsule filter 13 on the base assembly of the carriage with
the protrusion 35 on the bottom of the capsule filter 13
engaged in the slot in the base.

[0111] The housing 160 has one or more fittings, €.g., an
inlet fitting 154, an outlet fitting 155, and a vent fitting 15c¢.
The inlet fitting 154 and the outlet fitting 15b define a fluid
flow path through the housing 160. The fittings may be
variously configured, e.g., as nozzles. In the embodiment
illustrated in FIGS. 42-45, the fittings each comprise recep-
tacles which may be similar to any of the receptacles
previously described. One or more of the fittings may be
disposed in the bowl, e.g., at the bottom or in the side wall
of the bowl. Preferably, however, at least one and, more
preferably, all of the fittings 15a, 15b, 15¢ are disposed in the
head 163 on the top of the capsule filter 13.

[0112] The housing 160 preferably contains the filter car-
tridge 161 within a filter cartridge chamber in the fluid flow
path. The filter cartridge preferably includes a filter element
170 having a filter medium, as shown in FIG. 46. The filter
medium may comprise a solid or hollow porous mass, such
as a cylindrical mass of sintered metal particles or a cylin-
drical mass of bonded and/or intertwined fibers, e.g., poly-
meric fibers. In many preferred embodiments, the filter
medium may comprise a permeable sheet, e.g., a porous
woven or non-woven sheet of fibers, including filaments, or
a permeable or porous, supported or unsupported polymeric
membrane, and the filter element 170 may have a cylindri-
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cal, hollow pleated configuration. The filter medium may be
the sole layer of the pleated filter element 170 but is
preferably one of two or more layers of a pleated composite
further including, for example, one or more drainage layers,
pre-filter layers, additional filter layers, substrates, and/or
cushioning layers. The pleats of the filter element may
extend radially or, preferably, non-radially, as disclosed, for
example, in U.S. Pat. No. 5,543,047 which is incorporated
by reference. As disclosed in U.S. Pat. No. 5,543,047
non-radially extending pleats each have a height greater than
(D-d)/2 and less than or equal to (D*-d*)/[4(d+2t)] where D
and d are the outside and inside diameters, respectively, of
the pleated filter element at the crests and roots of the pleat
and t is the thickness of a pleat leg. Preferably, the height of
each pleat is in the range from about 70% or 80% to about
100% of (D*-d*)[4(d+2t)]. The non-radial pleats may be
preferred because there may be little or no space between the
pleats, minimizing hold up volume and dead zones.

[0113] The hollow filter element 170 is preferably dis-
posed between a cage 171 and a core 172. The ends of the
filter element 170, the cage 171 and the core 172 may be
sealed to end caps 173, 174, e.g., a blind end cap 173 and an
open end cap 174. The open end cap 174 has an opening 175
which fluidly communicates with the interior of the hollow
filter element 170. The open end cap may be sealed or
attached to the housing with the opening in the open end cap,
in turn, fluidly communicating with a fitting. For example,
in the embodiment shown in FIGS. 42-45, the open end cap
174 may be bonded to the head 163 with the outlet fitting
15b preferably fluidly communicating with the interior of
the filter element 170 via the opening 175 in the open end
cap 174. The inlet fitting 15a preferably fluidly communi-
cates with the exterior of the filter cartridge 161. Flow may
then be directed outside in through the filter cartridge 161.
Alternatively, the inlet fitting and the outlet fitting may be
arranged to fluidly communicate with the interior and the
exterior, respectively, of the filter cartridge, and flow may be
directed inside out through the filter cartridge.

[0114] While the filter cartridge has been described in
terms of a hollow filter element 170 having a pleated filter
medium, a cage 171, a core 172 and end caps 173, 174, the
filter cartridge is not limited to this embodiment. Numerous
alternative filter cartridges are suitable. For example, the
filter element may have a filter composite which is spirally
wound rather than pleated. The cage and/or the core may be
eliminated. Further, one or both end caps may be eliminated,
and the ends of the filter element may be bonded directly to
the top and/or bottom of the housing.

[0115] Yet other examples of filter cartridges may incor-
porate filter media comprising permeable hollow fiber
media. For example, as shown in FIG. 47, a capsule filter 13
may comprise a filter cartridge 161 which may include
permeable, e.g., porous, hollow fibers 180. (Components of
the embodiment shown in FIG. 47 have the same reference
numbers as the analogous components of the embodiment
shown in FIG. 45.) The hollow fibers 180 may be contained
between end caps 181, 182, e.g., an open end cap 181 and
a blind end cap 182. In particular, the hollow fibers 180 may
be potted in and extend from a partition 183 of the open end
cap 181 and loop back to the partition 183, one or both of
the ends of the hollow fibers 180 being an open end fluidly
communicating with the opening 184 in the open end cap
181. A perforated cage 185 may extend between the end caps
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181, 182 around the hollow fibers 180. Alternatively, both
end caps may be open end caps and the cage may have no
openings, the fluid being directed into the filter cartridge
through the open lower end cap, or the cage and the blind
end cap may be eliminated.

[0116] Another example of a capsule filter 13 comprising
permeable hollow fibers 180 is shown in FIG. 48. (Com-
ponents of the embodiment shown in FIG. 48 have the same
reference numbers as the analogous components of the
embodiment shown in FIG. 47.) In the embodiment shown
in FIG. 48, the hollow fibers 180 extend between the
partition 183 in the open end cap 181 and the blind end cap
182. One end of each hollow fiber 180 may be blindly potted
in the blind end cap 182, while the other end is openly potted
in the partition 183 in fluid communication with the opening
184 in the open end cap 181. A perforated cage may or may
not extend between the end caps.

[0117] Regardless of the configuration of the filter car-
tridge, the interior of the housing is preferably fitted to the
filter cartridge to minimize hold up volume and dead zones
and to enhance fluid flow distribution and rise time within
the housing. For example, as shown in FIG. 45, the interior
side wall of the bowl 160 and the exterior of the filter
cartridge 161 may be similarly shaped, and the bowl 160
preferably fits closely completely around the filter cartridge
161, defining an annular fluid flow distribution channel
between the interior of the bowl 160 and the exterior of the
filter cartridge 161. The annular channel is preferably
dimensioned to reduce hold up volume and to allow a sweep
of fluid flow around and/or axially along the filter cartridge
without undue pressure drop between the inlet and outlet
fittings. The desired dimensions of the annular channel may
be determined empirically based on such factors as, for
example, the viscosity of the fluid, the desired flow rates and
pressure drop limits and the area of the inlet or outlet, e.g.,
the inlet fitting or the outlet fitting. For many embodiments,
the axial cross sectional area of the annular channel may
preferably be on the order of, e.g., approximately equal to,
the area of the inlet nozzle.

[0118] Further, the interior bottom wall of the bowl 160
and the bottom of the filter cartridge 161 may also be
similarly shaped and closely fitted to one another. The
bottom of the filter cartridge may completely contact and
may be attached to the bottom wall of the bowl, eliminating
any space between them. However, in many preferred
embodiments, the bottom of the filter cartridge is fitted to the
bottom of the housing with one or more lower flow channels
extending between them and communicating with the bot-
tom of the annular flow channel. For example, the bottom of
the filter cartridge, e.g., the bottom of the lower end cap,
and/or the interior bottom wall of the housing may have one
or more radially extending ribs or spokes. The filter cartridge
and the housing may contact one another along the ribs and
define the lower channels between them. Further, the interior
bottom wall of the housing and/or the bottom of the filter
cartridge preferably have a surface which is inclined upward
to decrease the rise time of bubbles from the bottom of the
filter. For example, the lower flow channels may incline
upwardly toward the annular channel, preferably at an angle
of about 150 or less, e.g., about 10° or less. The lower
channels are preferably dimensioned to reduce hold up
volume, to allow a sweep of fluid flow between the filter
cartridge and the bottom of the housing without undue
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pressure drop between the inlet and outlet fittings, and/or to
facilitate clearance of bubbles from the bottom of the filter.
Again, the desired dimensions of the lower channels, includ-
ing the degree of incline, may be determined empirically
based factors such as fluid viscosity, desired flow rates,
pressure drop limits and inlet/outlet areas.

[0119] The interior wall of the head 163 may fit closely to
the top of the filter cartridge away from the vent fitting 15¢
but is preferably at least slightly spaced from the top of the
filter cartridge 161 in the vicinity of the vent fitting 15c,
allowing gases to rise from the annular flow distribution
chamber and over the top of the filter cartridge 161 toward
the vent fitting 15c. Preferably, the space between the
interior wall of the head 163 and the top of the filter cartridge
161, e.g., the top of the upper end cap, increases continu-
ously from a location most distant from the vent fitting 15¢
to the vent fitting 15¢. Nonetheless, while the space between
the interior wall of the head 163 and the top of the filter
cartridge 161 is preferably sufficient to vent gas from the
capsule filter 13, it is also preferably small enough to avoid
excessive hold up volume.

[0120] In many, but not all, preferred embodiments, the
housing may comprise a fluid conduit, e.g., a fluid inlet
conduit or a fluid outlet conduit, which extends from one of
the fittings axially along the periphery of the filter cartridge
chamber and is isolated from the filter cartridge chamber
along a substantial length of the conduit, e.g., at least about
50 percent of the length of the conduit. For example, the
fluid conduit may be disposed in the bowl, or adjacent to the
bowl, and radially beyond the filter cartridge chamber.
Preferably, the fluid conduit extends from a fitting at the top
of the housing and opens into the filter cartridge chamber,
e.g., the annular flow distribution channel, at the bottom of
the housing. As shown in FIG. 45, the fluid conduit 164 may
comprise an inlet conduit extending axially along the periph-
ery of the filter cartridge chamber from the inlet fitting 154
at the top of the housing 160 through the head 163 and the
bowl 162 to the bottom of the housing 160. The inlet conduit
164 preferably communicates with the annular fluid flow
distribution channel and the filter cartridge chamber only at
the bottom of the housing 160 and, therefore, is isolated
from the filter cartridge chamber for at least about 70
percent, more preferably at least about 80 percent or at least
about 90 percent, of the length of the conduit 164.

[0121] The housing may also preferably comprise a radial
passage through the side wall and/or more preferably in the
interior bottom wall of the housing which extends from the
side wall of the bowl 162, and fluidly communicates with the
axial fluid conduit. The radial passage may extend along the
lower end cap or along the bottom wall of the housing or
along both, e.g., between the lower end cap and the bottom
wall. For example, the radial passage may extend from the
bottom of the fluid conduit, under the filter cartridge, e.g.,
under the lower end cap. The radial passage may extend
completely under the filter cartridge but preferably extends
only part way under the filter cartridge. As shown in FIG.
45, the radial passage 165 extends from the bottom of the
fluid conduit 164 under the filter cartridge 161, terminating
near the center of the filter cartridge chamber of the housing
160. The radial passage 165 may have a uniform cross
section or a tapered cross section, e.g., the cross section may
decrease with increasing distance from the side wall of the
bowl 162. The radial passage 165 may feed fluid to, or
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receive fluid from, the lower flow channels between the
bottom of the filter cartridge 161 and the bottom wall of the
bowl 162 and may fluidly communicate between the lower
flow channels and the axial fluid conduit. Alternatively, the
radial passage may be eliminated, e.g., where there are no
longer flow channels between the bottom of the filter car-
tridge and the bottom wall of the bowl.

[0122] Further, in many preferred embodiments the filter
cartridge may comprise a keying mechanism cooperatively
arranged between the housing and the filter cartridge to
center the filter cartridge in the filter cartridge chamber of
the housing and provide a uniform annular flow channel.
The keying mechanism may have any of numerous suitable
structures. For example, the keying mechanism may com-
prise one or more centering pins and mating centering
apertures on the housing and the filter cartridge similar to the
centering mechanism 80 previously described.

[0123] More preferably, one or both of the end caps, e.g.,
the lower end cap and the corresponding wall of the housing
may have mating profiles or shapes which center the filter
cartridge in the filter cartridge chamber as the filter cartridge
is mounted within the housing. The shapes may, for
example, comprise curved or tapered configurations, e.g., a
partially spherical, elliptical or conical configuration, on one
or both end caps and the corresponding wall of the housing.
As shown in FIG. 45, the lower end cap 173 may have a
generally conical configuration which mates with a conical
configuration in the interior bottom wall of the bowl 162 of
the housing 160. The configurations are located and shaped
to center the filter cartridge 161 in the filter cartridge
chamber. Thus, as the filter cartridge 161 is mounted within
the bowl 162 with the configuration of the lower end cap 173
contacting the configuration of the interior bottom wall of
the bowl 162, the filter cartridge 161 automatically centers
itself within the filter cartridge chamber of the bowl 162 due
to the mating engagement of the conical configurations. The
head 163 may then be attached to the bowl 162 and the upper
end cap 174 of the filter cartridge 161. A keying mechanism,
such as mating configuration, e.g., conical configuration, in
the interior wall of the head 163, ¢.g., the region of the head
163 near the outlet fitting 15b, and on the upper end cap 174,
may center the filter cartridge 161 on the head 163 as well
as the bowl 162.

[0124] The housing including one or more of the axial
fluid conduit, the radial passage, and/or the keying mecha-
nism may be fabricated in any suitable manner. For example,
a molded bowl 162 is illustrated FIGS. 49 and 50. The bowl
162 may be molded in two pieces, e.g., a side wall piece 195
and a bottom wall piece 196, and the two pieces 195, 196
may be attached, e.g., welded or bonded, to form the bowl
162. In the illustrated embodiment, the bowl 162 includes an
axial fluid conduit 164, a radial passage 165, a filter cartridge
chamber, and a centering configuration 191 in the interior
bottom wall of the bowl 162.

[0125] Alternatively or additionally, the housing may be
machined. For example, a machined bowl 162 is illustrated
in FIGS. 51 and 52. The machined bowl 162 preferably
comprises a unitary piece 197. Afilter cartridge chamber and
an axial fluid conduit 164 may be bored in the unitary piece
197. A radial passage 165 may be bored through the side
wall of the unitary piece 197, and the exterior end of the
radial passage 165 may be plugged or fitted with a fitting.
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[0126] Capsule filters having one or more of the axial fluid
conduit, the radial passage, and/or the keying mechanism
have many advantages and represent a significant advance in
the art. These features are even more valuable when com-
bined with the close fit between the housing and the filter
cartridge and the non-radial pleats of the filter cartridge. For
example, the axial fluid conduit allows the fluid to sweep
evenly along the axial length of the filter cartridge from the
bottom to the top of vice versa, reducing or eliminating dead
zones at the bottom or top of the annular channel. The radial
passage coupled to the lower channels under the lower end
cap further enhances the even distribution of fluid flow in the
annular fluid channel around the filter cartridge and further
avoids dead zones at the bottom of the annular channel. The
keying mechanism ensures that the filter cartridge is cen-
tered in the filter cartridge chamber and provides a uniform
annular channel, even further enhancing the even distribu-
tion of fluid flow around the filter cartridge. These advan-
tages combined with the low hold up volume provided by
the close fit between the housing and the filter cartridge and
by the non-radial pleats of the filter cartridge provide a filter
with far superior performance than conventional filters with
respect to reducing hold up volume and dead zones, pro-
viding an even distribution of fluid flow upward, or down-
ward, along the filter cartridge; sharpening rise time; and
minimizing the time to output of a fluid which has a desired
level of cleanliness and is substantially free of gas bubbles.

[0127] The present invention has been described in terms
of several embodiments. However, the invention is not
limited to these embodiments. For example, one or more of
the features of one embodiment may be eliminated or
combined with one or more of the features of another
embodiment without departing from the scope of the inven-
tion. Further, entirely different embodiments may be envi-
sioned, particularly in light of the foregoing teachings.
Accordingly, the invention includes all variations and modi-
fications encompassed with the scope of the attached claims.

1. A filtration system comprising:
a manifold having at least one fitting;
a filter having at least one fitting;

a carriage supporting the filter; and
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a mounting mechanism operatively associated with the
carriage to move the carriage between a first position
wherein the filter is spaced from the manifold and a
second position wherein the fitting of the filter engages
the fitting of the manifold.

2. A filtration system of claim 1 wherein the carriage has

a width of about 60 mm or less.

3. The filtration system of claim 1 or 2 further comprising
a positioning mechanism operatively associated with at least
one of the carriage and the capsule filter.

4. The filtration of claim 3 wherein the positioning
mechanism comprises a protrusion on one of the filter
cartridge and the carriage and a mating slot in the other of
the filter cartridge and the carriage.

5. The filtration system of any preceding claim wherein
the mounting mechanism comprises a threaded knob.

6. The filtration system of any preceding claim further
comprising a disengagement mechanism operatively asso-
ciated with the capsule filter.

7. The filtration system of claim 6 wherein the disengage-
ment mechanism comprises push rods arranged between the
capsule filter and the carriage.

8. A fitting arrangement comprising:

a manifold having a first and
a filter having a second fitting,

wherein one of the first and second fittings comprises a
nozzle having a tip portion which includes a contact
surface and the other of the first and second fittings
comprises a receptacle having a contact surface, the
first and second fittings being engagable with the
contact surface of the first fitting sealing against the
contact surface of the second fitting.

9. The fitting arrangement of claim 8 wherein the contact

surfaces have mating conical configurations.

10. The fitting arrangement of claim 8 or 9 wherein the
contact surface of the nozzle and the contact surface of the
receptable are formed from different materials, one material
being harder than the other material.

11. The fitting arrangement of claim 8, 9 or 10 wherein at
least one of the contact surface of the nozzle and the contact
surface of the receptable is laterally adjustable.
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